fP A S E f\S e 



19 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 






@ Application number : 95303358.6 
(S) Date of filing : 19.05.95 



(rj) Publication number; 0 683 406 A1 

EUROPEAN PATENT APPLICATION 

© int. ci. 6 : G02B 5/20, G02F 1/1335 



(So) Priority: 20.05.94 JP 106824/94 
02.05.95 JP 108535/95 
16.05.95 JP 116767/95 

@ Date of publication of application : 
22.11.95 Bulletin 95/47 

@ Designated Contracting States : 
CH DE ES FR GB IT U NL 

(n) Applicant : CANON KABUSHIKI KAJSHA 
30-2, 3-chome, Shimomaruko, 
Ohta-ku 
Tokyo (JP) 

(72) Inventor : Kashiwazaki, Akio, c/o Carton K.K. 
30-2, 3-chome, 
Shimomaruko 
Ohta-ku, Tokyo (JP) 



Inventor : Sato, Hiroshi, c/o Canon K.K. 
30-2, 3-chome, 
Shimomaruko 
Ohta-ku, Tokyo (JP) 

Inventor: Shirota, Katsuhiro, c/o Canon K.K. 

30-2, 3-chome, 

Shimomaruko 

Ohta-ku, Tokyo (JP) 

Inventor: Yokoi, Hideto, c/o Canon K.K. 

30-2, 3-chome, 

Shimomaruko 

Ohta-ku, Tokyo (JP) 

Inventor: Miyazaki, Takeshi, c/o Canon K.K. 

30-2, 3-chome, 

Shimomaruko 

Ohta-ku, Tokyo (JP) 

Inventor : Shiba, Shoji, c/o Canon K.K. 

30-2, 3-chome, 

Shimomaruko 

Ohta-ku, Tokyo (JP) 

@ Representative : Beresford, Keith Denis Lewis 
et al 

BERESFORD & Co. 
2-5 Warwick Court 
High Holborn 
London WC1R 5DJ (GB) 



(g) Color filter, manufacturing method, and liquid crystal display. 



C57 



It ts an object of the present invention to provide a color filter manufacturing method which can 
manufacture a low-cost color filter without causing any ink blurring, any color mixing, and any color 
omission. In order to achieve the object according to the present invention, there is provided a color 
filter manufactunng method for a color filter (10) formed by forming a layer (14) to be colored on a 
transparent substrate (12), and discharging an ink colored in a predetermined color for coloring the 
layer, wherein when the thickness of the layer to be colored is assumed to be d (jim) and the volume of 
the ink discharged at one discharge is to be Vo (pi : pico-liter), the thickness of the layer to be colored 
and the volume of the ink are adjusted to establish d > Vo/500. 



FIG. 8 
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BACKGROUND OF THE INVENTION 

The present invention relates to a method of man- 
ufacturing a color filter by forming and arranging a 
plurality of colored filter elements on a transparent 5 
substrate, the color filter, a liquid crystal display ap- 
paratus, and an apparatus having the liquid crystal 
display apparatus. 

With recent advances in personal computers, es- 
pecially portable personal computers, the demand 10 
tends to arise for liquid crystal displays, especially 
color liquid crystal displays. However, in order to fur- 
ther popularize the use of liquid crystal displays, a re- 
duction in cost must be achieved. Especially, it is re- 
quired to reduce the cost of a color filter which occu- is 
pies a large proportion of the total cost Various meth- 
ods have been tried to satisfy the required character- 
istics of color filters while meeting the above require- 
ments. However, any method capable of satisfying all 
the requirements has not been established. The re- 20 
spective methods will be described below. The first 
method is a coloring method, which is the most pop- 
ular method. In the coloring method, a water-soluble 
polymer material as a colorable material is coated on 
a glass substrate, and the coating is patterned into a 25 
desired shape by a photolithography process. The ob- 
tained pattern is dipped in a color bath to obtain a col- 
ored pattern. This process is repeated three times to 
form R, G, and B color filter layers. 

The second method is a pigment dispersion 30 
method, which is currently replacing the coloring 
method. In this method, a pigment-dispersed photo- 
sensitive resin layer is formed on a substrate and pat- 
terned into a single-color pattern. This process is re- 
peated three times to obtain R, G, and B color filter 35 
layers. 

The third method is an electrode position method. 
In this method, a transparent electrode is patterned 
on a substrate, and the resultant structure is dipped 
in an electrodeposition coating fluid containing a pig- 40 
ment, a resin, an electrolyte, and the like to be colored 
in the first color by electrodeposition. This process is 
repeated three times to form R, G, and B color filter 
layers. Finally, these layers are calcined. 

The fourth method is a method of dispersing a 45 
pigment in a thermosetting resin, performing a print 
operation three times to form R, G, and B coatings 
separately, and thermosetting the resins, thereby 
forming colored layers. In either of the above meth- 
ods, a protective layer is generally formed on the col- 50 
ored layers. 

The point common to these methods is that the 
same process must be repeated three times to obtain 
layers colored in three colors, i.e., R, G, and B. This 
causes an increase in cost. In addition, as the number . 55 
of processes increases, the yield decreases. In the 
electrodeposition method, limitations are imposed on 
pattern shapes which can be formed. For this reason, 



with the existing techniques, this method cannot be 
applied to TFTs. In the print method, a pattern with a 
fine pitch cannot be formed because of poor resolu- 
tion and poor evenness. 

In order to eliminate these drawbacks, methods 
of manufacturing color filters by an ink-jet system are 
disclosed in Japanese Patent Laid-Open Nos. 59- 
75205, 63-235901, 1-217320, and 4-123005. 

The above manufacturing methods by the con- 
ventional ink-jet system cannot manufacture a satis- 
factory color filter in view of ink blurring, color mixing 
between adjacent filter elements, white omissions, 
and the like. 

SUMMARY OF THE INVENTION 

The present invention has been made in consid- 
eration of the above situation, and has as its object 
to provide a color filter manufacturing method which 
can manufacture a low-cost color filter without caus- 
ing any ink blurring, any color mixing, and any color 
omission. 

It is another object of the present invention to pro- 
vide a color filter manufactured by the above manu- 
facturing method, a liquid crystal display apparatus, 
and an apparatus having this liquid crystal display ap- 
paratus. 

In order to solve the above problems and achieve 
the above objects, a color filter manufacturing meth- 
od of the present invention is characterized by the fol- 
lowing arrangement 

That is, there is provided a manufacturing meth- 
od for a color filter formed by forming a layer to be col- 
ored on a transparent substrate, and discharging an 
ink colored in a predetermined color to the layer for 
coloring the layer, wherein when a thickness of the 
layer to be colored is assumed to be d (urn) and a vol- 
ume of the ink discharged at one discharge is to be 
Vo (pi: pico-liter), the thickness of the layer to be col- 
ored and the volume of the ink are adjusted to estab- 
lish d > Vo/500. 

A color filter of the present invention is character- 
ized by the following arrangement. 

That is, there is provided a color filter formed by 
forming a layer to be colored on a transparent sub- 
strate, and discharging an ink colored in a predeter- 
mined color to the layer for coloring the layer, wherein 
when a thickness of the layer to be colored is as- 
sumed to be d (*im) and a volume of the ink dis- 
charged at one discharge is to be Vo (pi: pico-liter), 
the color filter is manufactured by adjusting the thick- 
ness of the layer to be colored and the volume of the 
ink so as to establish d > Vo/500. 

A liquid crystal display apparatus of the present 
invention is characterized by the following arrange- 
ment 

That is, there is provided a liquid crystal display 
apparatus using a color filter formed by forming a iay- 
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er to be colored on a transparent substrate, and dis- 
charging an ink colored in a predetermined color to 
the layer for coloring the layer comprising: a color fil- 
ter manufactured by adjusting a thickness of the layer 
to be colored and a volume of the ink to establish d > 
Vo/500 when the thickness of the layer to be colored 
is assumed to be d (u.m) and the volume of the ink dis- 
charged at one discharge is to be Vo (pi; pico-liter); 
and a substrate opposing the color filer, wherein a liq- 
uid crystal compound is sealed between the sub- 
strates. 

An apparatus having a liquid crystal display ap- 
paratus of the present invention is characterized by 
the following arrangement. 

That is, there is provided an apparatus having a 
liquid crystal display apparatus using a color filter 
formed by forming a layer to be colored on a transpar- 
ent substrate, and discharging an ink colored in a pre- 
determined color to the layer for coloring the layer, 
comprising: a liquid crystal display apparatus having 
a color filter manufactured by adjusting a thickness of 
the layer to be colored and a volume of the ink to es- 
tablish d > Vo/500 when the thickness of the layer to 
be colored is assumed to be d (jim) and the volume 
of the ink discharged at one discharge is to be Vo (pi: 
pico-liter), and a substrate opposing the color filer, 
wherein a liquid crystal compound is sealed between 
the substrates; and image signal output means for 
outputting an image signal to the liquid crystal display 
apparatus. 

Other objects and advantages besides those dis- 
cussed above shall be apparent to those skilled in the 
art from the description of a preferred embodiment of 
the invention which follows. In the description, refer- 
ence is made to accompanying drawings, which form 
a part thereof, and which illustrate an example of the 
invention. Such example, however, is not exhaustive 
of the various embodiments of the invention, and 
therefore reference is made to the claims which follow 
the description for determining the scope of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1 B are partial enlarged views show- 
ing color filters manufactured by a manufacturing 
method and apparatus according to the present 
invention; 

Fig. 2 is a side sectional view showing the color 
filter in Fig. 1Aor 1B; 

Fig. 3 is a view showing the structure of an ink- 
jet head IJH for spraying an ink on a layer to be 
colored; 

Fig. 4 is a timing chart for explaining a method of 
controlling the amount of ink discharged by 
changing power supplied to a heater 
Fig. 5 is a perspective view showing the arrange- 
ment of an apparatus for manufacturing the color 
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filter shown in Figs. 1Aor 1B and 2; 
Fig. 6 is a block diagram showing the arrange- 
ment of the color filter manufacturing apparatus; 
Fig. 7 is a sectional view showing a method of 

5 manufacturing a liquid crystal color filter; 

Fig. 8 is a sectional view showing the method of 
manufacturing the liquid crystal color filter 
Fig. 9 is a sectional view showing the method of 
manufacturing the liquid crystal color filter; 

10 Fig. 1 0 is a side sectional view showing the struc- 

ture of a color liquid crystal panel; 
Fig. 11 is a side sectional view showing the struc- 
ture of a color liquid crystal panel; 
Fig. 12 is a block diagram showing an information 

15 processing apparatus using a liquid crystal pan- 

el; 

Fig. 1 3 is a perspective view showing an informa- 
tion processing apparatus using a liquid crystal 
panel; and 

20 Fig. 14 is a perspective view showing an informa- 

tion processing apparatus using a liquid crystal 
panel. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENT 

The preferred embodiment of the present inven- 
tion will be described in detail below with reference to 
the accompanying drawings. 

30 Figs. 1 A and 1 B are partial enlarged views of col- 

or filters manufactured by a manufacturing method 
according to the present invention. 

Each color filter 10 is mounted on the front sur- 
face of a color liquid crystal display or the like used 

35 for a portable personal computer or the like. As shown 
in Figs. 1A and 1B, filter elements 10a colored in R 
(red), G (green), and B (blue) are two-dimensionally 
arranged in a matrix form. In the color filter shown in 
Fig. 1 A, the filter elements 1 0a are arranged in a sim- 

40 pie matrix form. In the color filter shown in Fig. 1B. the 
filter elements 1 0a are arranged in a staggered form. 
A black light-shielding grating 10b is formed between 
the respective filter elements 10a to make the boun- 
daries between the filter elements 10a clear so as to 

45 provide a clear screen. Note that according to the em- 
bodiment each filter element is formed in a rectangu- 
lar shape having shorter sides of 50 to 100 nm and 
longer sides of 150 to 450 jim. 

Fig. 2 is a side sectional view of the color filter 10 

50 in Fig. 1A or 1B, The light-shielding grating 10b s 
formed on a glass substrate 12 constituting the main 
body of the color filter 10. The filter elements 10a of 
the respective colors are formed on the light-shielding 
grating 10b. 

55 In manufacturing the color filter 10, chromium s 

deposited on the glass substrate 12 by sputtering, 
and the resultant film is formed into a matrix pattern 
by photolithography. This pattern is the hgnt- 

3 
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shielding grating 10b. A layer 14 to be colored is 
formed on the light-shielding grating 1 0b. The layer 14 
consists of a cellulose, an acrylic resin, gelatin, or the 
like and absorbs a fluid. Droplets (to be referred to as 
an ink hereinafter) containing a coloring material 
(dye) are sprayed on the filter element formation re- 
gions of the layer 14 by a recording head of the ink- 
jet system. With this process, the layer 14 is colored 
to form the color filter elements 10a. 

In general, a color liquid crystal panel is formed 
by joining the color filter substrate 12 to a counter 
substrate 54 and sealing a liquid crystal compound 52 
therebetween. TFTs (Thin Film Transistors; not 
shown) and transparent pixel electrodes 53 are 
formed on the inner surface of one substrate 54 of the 
liquid crystal panel in a matrix form. The color f ilter 10 
is placed on the inner surface of the other substrate 
12 such that the R, G, and B coloring materials are 
positioned to oppose the pixel electrodes. A transpar- 
ent counter electrode (common electrode) 50 is 
formed on the entire surface of the color filter 1 0. The 
light-shielding grating 10b is generally formed on the 
color filter substrate 12 side (see Fig. 10). However, 
in a BM (black matrix) on-array type liquid crystal 
panel, such a grating is formed on the TFT substrate 
side opposing the color filter substrate (see Fig. 11). 
Aligning films 51 are formed within the planes of the 
two substrates. By performing a rubbing process for 
the aligning films 51. the liquid crystal molecules can 
be aligned in a predetermined direction. Polarizing 
plates 55 are bonded to the outer surface of the re- 
spective glass substrates. The liquid crystal com- 
pound 52 is filled in the gap (about 2 to 5 |im) between 
these glass substrates. As a blacklight, a combination 
of a fluorescent lamp (not shown) and a scattering 
plate (not shown) is generally used. A display opera- 
tion is performed by causing the liquid crystal com- 
pound to serve as an optical shutter for changing the 
transmittance for light emitted from the backlight. 

A case wherein the above liquid crystal panel is 
applied to an information processing apparatus will 
be described below with reference to Figs. 12 to 14. 

Fig. 12 is a block diagram showing the schematic 
arrangement of an information processing apparatus 
serving as a wordprocessor, a personal computer, a 
facsimile apparatus, and a copying machine, to which 
the above liquid crystal panel is applied. 

Referring to Fig. 12, reference numeral 1801 de- 
notes a control unit for controlling the overall appara- 
tus. The control unit 1801 inciudes a CPU such as a 
microprocessor and various I/O ports, and performs 
control by outputting/inputting control signals, data 
signals, and the like to/from the respective units. Ref- 
erence numeral 1802 denotes a display unit for dis- 
playing various menus, document information, and 
image data read by an image reader 1807, and the 
like on the display screen; 1803. a transparent, pres- 
sure-sensitive touch panel mounted on the display 



unit 1802. By pressing the surface of the touch panel 
1 803 with a finger of the user or the like, an item input 
operation, a coordinate position input operation, or 
the like can be performed on the display unit 1802. 
5 Reference numeral 1804 denotes an FM (Fre- 

quency Modulation) sound source unit for storing mu- 
sic information, created by a music editor or the like, 
in a memory unit 1810 or an external memory unit 
1812 as digital data, and reading out the information 
10 from such a memory, thereby performing FM modu- 
lation of the information. An electrical signal from the 
FM sound source unit 1 804 is converted into an audi- 
ble sound by a speaker unit 1805. A printer unit 1806 
is used as an output terminal for the wordprocessor, 
15 the personal computer, the facsimile apparatus, and 
the copying machine. 

Reference numeral 1807 denotes an image read- 
er unit for photoelectrical I y reading original data. The 
image reader unit 1807 is arranged midway along the 
20 original convey passage and designed to read origi- 
nals for facsimile and copy operations and other va- 
rious originals. 

Reference numeral 1808 denotes a transmis- 
sion/reception unit for the facsimile (FAX) apparatus. 
25 The transmission/reception unit 1808 transmits orig- 
inal data read by the image reader unit 1807 by fac- 
simile, and receives and decodes a sent facsimile sig- 
nal. The transmission/reception unit 1808 has an in- 
terface function for external units. Reference numer- 
30 al 1809 denotes a telephone unit having a general tel- 
ephone function and various telephone functions 
such as an answering function. 

Reference numeral 1810 denotes a memory unit 
including a ROM for storing system programs, man- 
?5 ager programs, application programs, fonts, and dic- 
tionaries, a RAM for storing an application program 
loaded from the external memory unit 1812 and docu- 
ment information, a video RAM, and the like. 

Reference numeral 1811 denotes a keyboard unit 
to for inputting document information and various com- 
mands. 

Reference numeral 1812 denotes an external 
memory unit using a floppy disk, a hard disk, and the 
like as a memory medium. The external memory unit 

5 1812 serves to store document information, music 
and speech information, application programs of the 
user, and the like. 

Fig. 13 is a perspective view of the information 
processing apparatus in Fig. 12. 

o Referring to Fig. 13, reference numeral 1901 de- 

notes a flat panel display using the above liquid crys- 
tal panel, which displays various menus, graphic pat- 
tern information, document information, and the like. 
A coordinate input or item designation input operation 

> can be performed on the flat panel display 1901 by 
pressing the surface of the touch panel 1803 with a 
finger of the user orthe like. Reference numeral 1902 
denotes a handset used when the apparatus is used 
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as a telephone set A keyboard 1903 is detachably 
connected to the main body via a cord and is used to 
perform various document functions and input vari- 
ous data. This keyboard 1903 has various function 
keys 1904. Reference numeral 1905 denotes an in- 
sertion port through which a floppy disk is inserted 
into the external memory unit 1812. 

Reference numeral 1906 denotes an original ta- 
ble on which an original to be read by the image read- 
er unit 1 807 is placed. The read original is discharged 
from the rear portion of the apparatus. In a facsimile 
receiving operation, received data is printed out by an 
ink-jet printer 1907. 

When the above information processing appara- 
tus is to serve as a personal computer or a wordpro- 
cessor, various kinds of information input through the 
keyboard unit 1811 are processed by the control unit 
1 801 in accordance with a predetermined program, 
and the resultant information is output, as an image, 
to the printer unit 1 806. 

When the information processing apparatus is to 
serve as the receiver of the facsimile apparatus, fac- 
simile information input through the transmission/re- 
ception unit 1808 via a communication line is subject- 
ed to reception processing in the control unit 1801 in 
accordance with a predetermined program, and the 
resultant information is output, as a received image, 
to the printer unit 1 806. 

When the information processing apparatus is to 
serve as the copying machine, an original is read by 
the image reader unit 1807, and the read original data 
is output, as an image to be copied, to the printer unit 
1806 via the control unit 1801. Note that when the in- 
formation processing apparatus is to serve as the re- 
ceiver of the facsimile apparatus, original data read 
by the image reader unit 1807 is subjected to trans- 
mission processing in the control unit 1801 in accor- 
dance with a predetermined program, and the resul- 
tant data is transmitted to a communication line via 
the transmission/reception unit 1808. 

Note that the above information processing appa- 
ratus may be designed as an integrated apparatus in- 
corporating an ink-jet printer in the main body, as 
shown in Fig. 14. In this case, the portability of the ap- 
paratus can be improved. The same reference nu- 
merals in Fig. 14 denote parts having the same func- 
tions as those in Fig. 13. 

Fig. 3 shows the structure of an ink-jet head IJH 
for spraying ink on the layer 1 4 in the colorf ilter as de- 
scribed above. 

Referring to Fig. 3, the ink-jet head IJH mainly 
comprises a heater board 1 04 as a board on which a 
plurality of heaters 102 for heating an ink are formed, 
and a ceiling plate 106 mounted on the heater board 
104. A plurality of discharging openings 108 are 
formed in the ceiling plate 106. Tunnel-like fluid pas- 
sages 110 communicating with the discharging open- 
ings 108 are formed therebehind. The respective fluid 
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passages 110 are isolated from the adjacent fluid 
passages via partition walls 112. The respective fluid 
passages 110 are commonly connected to one ink 
chamber 114 at the rear side of the fluid passages. An 
5 ink is supplied to the ink chamber 114 via an ink inlet 
116. This ink is supplied from the ink chamber 114 to 
each fluid passage 110. 

The heater board 104 and the ceiling plate 106 
are positioned such that the position of each heater 
w 102 coincides with that of a corresponding fluid pas- 
sage 110, and are assembled into the state shown in 
Fig. 3. Although Fig. 3 shows only two heaters 102, 
the heater 102 is arranged in correspondence with 
each fluid passage 110. When a predetermined driv- 
es ing signal is supplied to the heater 102 in the assem- 
bled state shown in Fig. 3, an ink above the heater 1 02 
is boiled to produce a bubble, and the ink is pushed 
and discharged from the discharging opening 108 
upon volume expansion of the ink. Therefore, the size 
20 of a bubble can be adjusted by controlling a driving 
pulse applied to the heater 102, e.g., controlling the 
magnitude of power. That is, the volume of the ink dis- 
charged from each discharging opening can be arbi- 
trarily controlled. 
25 Fig. 4 is a timing chart for explaining a method of 

controlling the amount of ink discharged by changing 
power supplied to each heater in this manner. 

In this embodiment, two types of constant-vol- 
tage pulses are applied to each heater 102 to adjust 
30 the amount of ink discharged. The two pulses are a 
preheat pulse and a main heat pulse (to be simply re- 
ferred to as a heat pulse hereinafter). The preheat 
pulse is a pulse for heating an ink to a predetermined 
temperature before the ink is actually discharged. 
35 The pulse width of this pulse is set to be smaller than 
a minimum pulse width t5 required to discharge the 
ink. Therefore, the ink is not discharged by this pre- 
heat pulse. The preheat pulse is applied to each hea- 
ter 102 to increase the initial temperature of the ink 
40 to a predetermined temperature in advance so as to 
always make the amount of ink discharged constant 
when a constant heat pulse is applied to the heater 
102 afterward. In contrast to this, the temperature of 
the ink may be adjusted in advance by adjusting the 
45 width of a preheat pulse. In this case, for the same 
heat pulse, the amount of ink discharged can be 
changed. In addition, by heating ink before applica- 
tion of a heat pulse, the start time required to dis- 
charge the ink upon application of the heat pulse can 
so be shortened to improve the responsibility. 

The heat pulse is a pulse for actually discharging 
the ink. The pulse width of the heat pulse is set to be 
larger than the minimum pulse width t5 required to 
discharge the ink. Energy generated by each heater 
55 102 is proportional to the width (application time) of 
a heat pulse. Therefore, variations in the characteris- 
tics of the heaters 102 can be adjusted by adjusting 
the width of each heat pulse. 
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Note that the amount of ink discharged can also 
be adjusted by adjusting the interval between a pre- 
heat pulse and a heat pulse to control the dispersed 
state of heat upon application of the preheat pulse. 

As is apparent from the above description, the 
amount of ink discharged can be controlled both by 
adjusting the application time of a preheat pulse and 
by adjusting the interval between application of a pre- 
heat pulse and that of a heat pulse. Therefore, by ad- 
justing the application time of a preheat pulse or the 
interval between application of a preheat pulse and 
that of a heat pulse as needed, the amount of ink dis- 
charged or the responsibility of discharging of the ink 
with respect to an applied pulse can be arbitrarily ad- 
justed. 

Such adjustment of the amount of ink discharged 
will be described in detail next. 

Assume that an ink is discharged in different 
amounts from discharging openings (nozzles) 108a, 
1 08b, and 1 08c upon application of the same amount 
of energy, as shown in Fig. 4. More specifically, as- 
sume that when a predetermined amount of energy is 
applied at a predetermined temperature, the amount 
of ink discharged from the nozzle 108a is 36 pi (pico- 
liters); the amount of ink discharged from the nozzle 
108b, 40 pi; and the amount of ink discharged from 
the nozzle 108c, 40 pi, and the resistance of heaters 
102a and 102b corresponding to the nozzles 108a 
and 108b is 200 Q, and the resistance of a heater 
102c corresponding to the nozzle 108c is 210 Q. As- 
sume that the amounts of ink discharged from the 
nozzles 108a, 108b, and 108c are to be adjusted to 
40 pi. 

The widths of a preheat pulse and a heat pulse 
may be adjusted to adjust the amounts of ink dis- 
charged from the nozzles 108a, 108b, and 108c to the 
same amount. Various combinations of the widths of 
preheat pulses and heat pulses are conceivable. In 
this case, the amounts of energy generated by heat 
pulses are made equal for the three nozzles, and the 
amounts of ink discharged are adjusted by adjusting 
the widths of preheat pulses. 

Since the heaters 102a and 102b for the nozzles 
1 08a and 108b have the same resistance, i.e., 200 Q. 
the amounts of energy generated by heat pulses can 
be made equal by applying voltage pulses having the 
same width to the heaters 102a and 102b. In this 
case, the width of each voltage pulse is set to be t3 
which is larger than the width t5. An ink is discharged 
in different amounts, i.e., 36 pi and 40 pi, from the 
nozzles 108a and 108b upon application of the same 
amount of energy. In order to increase the amount of 
ink discharged from the nozzle 108a, a preheat pulse 
having a width t2 larger than a width t1 of a preheat 
pulse applied to the heater 1 02b is applied to the hea- 
ter 102a. With this operation, the amounts of ink dis- 
charged from the heaters 108a and 108b can be ad- 
justed to 40 pi. 
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The heater 102c for the nozzle 108c has a resis- 
tance of 21 0 Q, which is higher than the resistance of 
the two remaining heaters 102a and 102b. For this 
reason, in order to cause the heater 102c to generate 

5 the same amount of energy as that generated by the 
two remaining heaters, the width of a heat pulse must 
be set to be larger than that of the above heat pulse. 
In this case, therefore, the width of the heat pulse is 
set to be t4 which is larger than the width t3. Since the 

10 amounts of ink discharged from the nozzles 108b and 
108c upon application of a predetermined amount of 
energy are the same, the width of a preheat pulse re- 
quired is equal to that of a preheat pulse applied to the 
heater 102b. That is, a preheat pulse having the wjdth 

15 t1 is applied to the heater 102c. 

In the above manner, the same amount of ink can 
be discharged from the nozzles 1 08a, 1 08b, and 1 08c 
which discharge an ink in different amounts upon ap- 
plication of a predetermined amount of energy. In ad- 

20 dition, the amounts of ink discharged may be inten- 
tionally made to differ from each other. 

Fig. 5 shows the arrangement of an apparatus for 
manufacturing the color filter shown in Figs. 1Aor 1B 
and 2. 

25 Referring to Fig. 5, a manufacturing apparatus 20 

comprises an X-Y table 22 mounted on a base (not 
shown) and capable of moving in the X and Y direc- 
tions in Fig. 5, and an ink-jet head IJH fixed on a base 
via a support member (not shown) above the X-Y ta- 

30 ble 22. A glass substrate 1 2 on which ajight-shielding 
grating 10b and a layer 14 to be colored (see Fig. 2) 
are formed by the above method is placed on the X- 
Y table 22. The ink-jet head IJH includes a red head 
1 20a for discharging a red ink, a green head 120b for 

35 discharging a green ink, and a blue head 120c for dis- 
charging a blue ink. These heads 120a, 120b, and 
120c are designed to discharge inks independently. 

In the manufacturing apparatus 20 having the 
above arrangement, an R (red), G (green), or B (blue) 

40 ink is discharged into a desired frame of the light- 
shielding grating 10b while the X-Y table 22 moves 
with respect to the ink-jet head IJH in the X and Y di- 
rections. In this manner, each frame of the light- 
shielding grating 10b is colored to complete a color f il- 

45 ter. 

Fig. 6 is a block diagram showing the arrange- 
ment of the manufacturing apparatus 20. 

Referring to Fig. 6, X- and Y-direction driving mo- 
tors 36 and 38 for driving the X-Y table 22 in the X and 

50 Y directions are connected to a CPU 30 for controlling 
the overall operation of the manufacturing apparatus 
20 via X and Y motor driving circuits 32 and 34. The 
ink-jet head IJH is also connected to the CPU 30 via 
a head driving circuit 40. Furthermore, X and Y encod- 

55 ers 42 and 44 for detecting the position of the X-Y ta- 
ble 22 is connected to the CPU 30. With this arrange- 
ment, position information on the X-Y table 22 is input 
to the CPU 30. In addition, a control program in a pro- 

6 
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gram memory 46 is input to the CPU 30. The CPU 30 
moves the X-Y table 22 in accordance with this con- 
trol program and position information from the X and 
Y encoders 42 and 44. With this operation, a desired 
grating frame on the glass substrate 12 is brought to 
a position below the ink-jet head IJH, and an ink hav- 
ing a desired color is discharged into the frame to col- 
or it. A color filter is manufactured by performing this 
operation for each frame of the light-shielding grating 
10b. 

Figs. 7 to 9 are sectional views showing the con- 
cept of a color filter manufacturing method of this em- 
bodiment 

By the above method, the light-shielding grating 
10b is formed on the glass substrate 12 cleaned by a 
normal method, as shown in Fig. 7. The layer 14 to be 
colored is formed thereon. As a method of forming the 
layer 14 to be colored, a material is dissolved or dis- 
persed in a proper solvent to obtain a coating solution. 
The coating solution prepared in this manner is coat- 
ed by a roller coater method, a blade coater method, 
an air-knife coater method, a rod bar coater method, 
a spin coater method, and the like. The resultant 
structure is baked by an oven, a hotplate, or the like 
to evaporate the solvent, thereby forming a film. At 
this time, a thickness (d urn) of the dry film must sat- 
isfy a relation d > Vo/500 with respect to an amount 
Vo pi (pico-liters) of ink discharged at one discharge 
(one droplet) from an ink-jet head to be used. 

The light-shielding grating 10b need not be per- 
formed on the glass substrate 12. As is well known, 
the layer 14 to be colored may be formed on the glass 
substrate 12, and then the light-shielding grating 10b 
may be formed thereon by photolithography or an ink- 
jet method. 

The material of the layer 14 to be colored must 
have ink reception ability, a high dot resolution, and 
excellent transparency. In addition, when a transpar- 
ent substrate or a protective film is to be used, the 
material of the layer 14 to be colored must have good 
adhesion properties with the protective film and a 
process resistance such as heat resistance. 

A preferable example of the material of the layer 
14 to be colored is an ink reception layer (layer to be 
colored) material used for a well-known ink-jet OHP 
film, but other examples are polyvinyl alcohol, polyvi- 
nyl pyrrolidone, a starch, casein, albumin, sodium al- 
ginate, gelatin, polyacrylamide, carboxymethyl cellu- 
lose, methyl cellulose, hydroxyethyl cellulose, hy- 
droxypropyl cellulose, polyvinyl acetate, polyacrylic 
acid, and derivatives of these examples. The material 
of the layer 14 to be colored is not limited to them, as 
a matter of course. Of these examples, hydroxypropyl 
cellulose and a derivative thereof are preferably used 
from the viewpoint of the process resistance such as 
heat resistance. These examples are excellent in ad- 
hesion properties and heat resistance, and can be 
easily used in a manufacturing process. From the 



viewpoint of the transparency and the ink reception 
ability, these examples are preferably used as the 
layer to be colored of a color filter. In addition, these 
examples have a high dot resolution. For this reason, 
5 if the conditions of the present invention are satisfied, 
i.e., the thickness (d urn) of a dry film satisfies the re- 
lation d > Vo/500 with respect to the amount Vo (pi: 
pico-liter) of ink discharged at one discharge (one 
droplet) from the ink-jet head to be used, inks of three 
10 different colors (red, green, and blue) will not mix with 
each other in the layer 14 to be colored. 

In order to improve the process resistance, a 
crosslinking agent such as methylol melamine, me- 
thylol hydroxypropylene urea, dimethylol urea,, and 
15 isocyanate, which is not limited to them, may be 
mixed in the material of a layer to be colored. Upon 
printing by an ink-jet system, the resultant structure 
may be heated or set by light irradiation. 

Preferable examples of the material of the layer 
20 1 4 to be colored are acrylic-based polymers contain- 
ing a crosslinkable monomer unit, such as N-methy- 
lolacrylamide, which can improve the process resis- 
tance. When each of these examples is used for a lay- 
er to be colored, the layer to be colored which is col- 
25 ored by the ink-jet system is heated or set by light ir- 
radiation. 

A suitable color filter can be formed if the above 
relation d > Vo/500 is established when the thickness 
of the material of the layer 14 to be colored is d (jam) 

30 and the amount of ink discharged is Vo (pi: pico-liter). 

As for the ink permeability of the layer 14 to be 
colored, its penetration degree and speed are not 
particularly limited as long as the layer 14 to be col- 
ored can absorb an ink to be used. It is enough for the 

35 layer 14 to be colored to have almost the same pen- 
etration degree and speed as those of a general. ma- 
terial to be recorded for an ink-jet printer. More spe- 
cifically, when a 50-pl ink is discharged to a layer to 
be colored having a thickness of 1 jam, a time required 

40 for the ink to penetrate the layer to be colored is pre- 
ferably about 5 minutes to 1 hour at most. According 
to the embodiment, the layer 14 to be colored has an 
absorbency of which an ink no longer exists as fluid 
on the surface of the layer one hour after the ink isdis- 

45 charged. As a means of determining, it is suggested 
to view the surface of the layer 14 to be colored with 
a microscope. By viewing the surface of the layer with 
a microscope, it can be determined whether or not the 
ink still exists as fluid on the surface of the layer, for 

50 instance, whether the ink flows out of the substrate 
when the glass substrate 12 is tilted. 

The numberof ink droplets discharged to one film 
element is preferably 1 to 7 when the volume of one 
droplet is assumed to be 40 pi. In particular, when one 
55 filter element is colored by a plurality of ink droplets, 
there is a time difference between a discharging op- 
eration of one ink droplet to a layer to be colored and 
that of the next ink droplet. Therefore, the next ink 
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droplet is discharged after the first ink droplet is ab- 
sorbed in the layer to be colored to a certain degree, 
realizing high-quality coloring free from color nonuni- 
formity. When one filter element is to be colored by a 
plurality of ink droplets, the droplets can be dis- 5 
charged and overlaid on a same spot or can be dis- 
charged on a different spot by shifting the spot little 
by little. 

As shown in Fig. 8, R (red), G (green), and B 
(blue) inks are discharged to the layer 14 to be colored 10 
which is formed in the above manner in accordance 
with the pattern of the light-shielding grating 10b by 
the ink-jet method. Alternatively, as described above, 
both the pattern of the light-shielding grating 10b and 
the pattern of R, G, and B may be formed by discharg- 15 
ing the inks by the ink-jet system. The volume of each 
ink dot at this time is Vo (pi: pico-liter), as described 
above. The ink-jet system comprises a system using 
heat energy and a system using mechanical energy, 
either of which can be suitably used. 20 

An ink is not particularly limited as long as it can 
be used for the ink-jet system, the dyes or pigments 
of R, G, and B may be selected in accordance with ap- 
plication purposes. Any solvent composition can be 
used as long as it can be used for the ink-jet system, 25 
and a composition is not particularly limited. 

A dye and a pigment can be suitably used as col- 
oring materials. The above relation is hardly affected 
by the kind of coloring material, but depends on an ink 
solvent. 3 0 

Preferable examples of an ink solvent to be used 
are water generally used as an ink-jet ink, and a wa- 
ter-soluble organic solvent used by being mixed with 
water. Examples of the water-soluble organic solvent 
are aikyl alcohols having 1 to 4 carbon atoms (e.g., 35 
methyl alcohol, ethyl alcohol, n-propyl alcohol, isopro- 
pyl alcohol, n-butyl alcohol, sec-butyl alcohol, and 
tert-butyl alcohol), amides (e.g., dimethylformamide 
and dimethylacetamide), ketones or ketoalcohols 
(e.g., acetone and diacetone alcohol), ethers (e.g., 40 
tetrahydrofuran and dioxane), polyalkylene glycols 
(e.g., polyethylene glycol and polypropylene glycol), 
alkylene glycols containing an alkylene group having 
2 to 6 carbon atoms (e.g., ethylene glycol, propylene 
glycol, butylene glycol, triethylene glycol, 1.2,6-hex- 45 
anetriol, thiodiglycol. hexylene glycol, and diethylene 
glycol), lower alkyl ethers of a polyhydric alcohol (e.g., 
glycerine, ethylene glycol monomethyi (ormonoethyl) 
ether, diethylene glycol methyl (or ethyl) ether, and tri- 
ethylene glycol monomethyi (or monoethyi) ether), N- 50 
methyi-2-pyrrolidone. 2-pyrrolidone, and 1.3-dime- 
thyl-2-imidazolidinon. The ink solvent is not particu- 
larly limited as long as it does not cause any problem 
in ink discharging performance of the ink-jet head. 

Of these examples, more preferable examples 55 
are alkyl alcohols containing an alkylene group having 
2 to 6 carbon atoms (e.g., ethylene glycol, propylene 
glycol, butylene glycol, triethylene glycol, 1,2,6-hex- 



anetriol, thiodiglycol, hexylene glycol, and diethylene 
glycol), and N-methyl-2-pyrrolidone. By using one or 
a plurality of these solvents, the effect of the present 
invention can be achieved sufficiently. In addition, an 
additive such as a surfactant may be added to the ink. 

As shown in Fig. 9, a protective film 15 is coated 
on the layer 14 to be colored to which the ink is dis- 
charged by the ink-jet system. This arrangement can 
greatly improve the process resistance, and particu- 
larly resistance to solvents. If the layer 14 to be col- 
ored itself has a sufficient process resistance, the 
protective film 15 can be eliminated, but generally 
formed. 

A coating method may be the same as that of 
coating the layer to be colored. The material of the 
protective film 15 is not particularly limited as long as 
it is a protective film material used for a general color 
filter. An acrylic orepoxy thermosetting/photosetting 
material can be suitably used. 

Further, the coated substrate is baked by an 
oven, a hotplate, or the like to form a film. The thick- 
ness of this protective film, which is determined by re- 
quired properties and the like, is about 0.1 to 1 0 u.m. 

According to the color filter formed by the above 
ink-jet method, the number of steps is greatly de- 
creased. The color filter can be manufactured at a re- 
duced material cost It has satisfactory process resis- 
tances such as heat resistance and resistance to sol- 
vents, and also satisfactory ink reception ability and 
dot resolution. Therefore, the color filter performance 
is very high as a color liquid crystal display free from 
ink blurring, color mixing, and white omissions. 

Examples in which color filters are manufactured 
by the manufacturing method of this embodiment will 
be described next. 

(Example 1) 

A thermosetting resin composition consisting of 
a mixture of hydroxypropyl cellulose (HPC-H avail- 
able from Ninon Soda) and dimethylol hydroxyethy- 
lene urea (Sumitex resin NS-11 available from Sumi- 
tomo Kasei) was spin-coated on a glass substrate on 
which a light-shielding grating was formed so as to 
have a dry film thickness of 0.6 urn. The resultant 
structure was pre-baked at 110°C for 10 minutes. 
This structure served as a layer to be colored. By the 
above-mentioned manufacturing apparatus, the lay- 
er to be colored was colored in the matrix pattern of 
R t G, and B with pigment inks. The amount of ink dis- 
charged of each color was 40 pi at that time. The re- 
sultant structure was baked at 230°C for 1 hour to ad- 
vance a crosslinking reaction, setting the layer to be 
colored. Subsequently, the resultant structure was 
washed to remove dust. Upon drying, a two-pack 
thermosetting resin material was spin-coated thereon 
to have a film thickness of 1 urn. The resultant struc- 
ture was heat-treated at 250°C for 30 minutes to set 
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the coated material. As a result, a liquid crystal color 
filter was formed. A relation between the thickness of 
the layer to be colored and the volume of a droplet 
was 0.6 = 40/66.7 > 40/500 = 0.08. 

5 

(Example 2) 

Aliquid crystal colorfilter was formed in the same 
manner as in Example 1 except for a thermosetting 
resin composition consisting of a mixture of hydrox- 10 
yethyl cellulose (AH-1 5 available from Fuji Chemical) 
and methylated methyiolmelamine (M-6 available 
from Sumitomo Kasei). 

(Example 3) is 

Aliquid crystal colorfilter was formed in the same 
manner as in Example 1 except that an ink was a dye 
ink. 

20 

(Example 4) 

A resin composition consisting of a mixture of hy- 
droxypropyl cellulose (HPC-H available from Nihon 
Sotatsu) and dimethylol hydroxyethylene (Sumitex 25 
resin NS-3spe available from Sumitomo Kasei) was 
spin-coated on a glass substrate on which a light- 
shielding grating was formed so as to have a dry film 
thickness of 0.5 um. The resultant structure was pre- 
baked at 120°C for 10 minutes. This structure served 30 
as a layer to be colored. By the above-mentioned 
manufacturing apparatus, the layer to be colored was 
colored in the matrix pattern of R, G, and B with pig- 
ment inks. The amount of ink discharged of each color 
was 50 pi at that time. The resultant structure was 35 
heated at 220°C for 50 minutes to advance a cross- 
linking reaction, setting the layer to be colored. Sub- 
sequently, the resultant structure was washed to re- 
move dust. Upon drying, a two-pack thermosetting 
resin material was spin-coated thereon to have a film 40 
thickness of 1 \xm. The resultant structure was heat- 
treated at 250°C for 30 minutes to set the coated ma- 
terial. As a result, a liquid crystal color filter was 
formed. A relation between the thickness of the layer 
to be colored and the volume of a droplet was 0.5 = 45 
50/100 > 50/500 = 0.1. 

(Example 5) 

Aliquid crystal colorfilter was formed in the same so 
manner as in Example 4 except that an ink was a dye 
ink. 

The liquid crystal color filters formed in Examples 
1 to 5 were observed with an optical microscope. Any 
faults such as discoloration, mixing of R, G, and B col- 55 
ors, color nonuniformity, ink blurring, and white omis- 
sions were not observed. 

A series of operations, e.g., formation of ITO and 



aligning films and sealing of a liquid crystal material, 
were performed by using the obtained color filter, 
thereby forming a color-liquid crystal driving appara- 
tus. When the manufactured color liquid crystal driv- 
ing apparatus was driven within a temperature range 
of 0°C to 40°C continuously for 1 ,000 hours, no failure 
occurred. Further, when this color liquid crystal driv- 
ing apparatus was set on an OHP and driven to per- 
form a reflection operation continuously for 1,000 
hours, no change in transmittance and color tone was 
confirmed. 

(Comparative Example 1 ) 

Aliquid crystal colorfilter was formed in the same 
manner as in Example 1 except that a resin composi- 
tion for a layer to be colored was coated to have a dry 
film thickness of 0.05 urn. A relation between the 
thickness of the layer to be colored and the volume of 
a droplet was 0.05 = 40/800 < 40/500 = 0.08. 

(Comparative Example 2) 

Aliquid crystal colorfilter was formed in the same 
manner as in Example 4 except that a resin composi- 
tion for a layer to be colored was coated to have a dry 
film thickness of 0.08 urn. A relation between the 
thickness of the layer to be colored and the volume of 
a droplet was 0.08 = 50/625 < 50/500 = 0.1. 

The liquid crystal color filters formed in Compar- 
ative Examples 1 and 2 were observed with an optical 
microscope. No discoloration occurred but faults of 
color nonuniformity and color mixing were observed. 

As has been described above, according to this 
embodiment, assume that the thickness of the layer 
to be colored is to be d (um), and that the volume of 
a droplet is to be Vo pi (pico-l iters). If d > Vo/500, pre- 
ferably d > Vo/200, and more preferably d > Vo/100 
are established, ink blurring which may occur in a very 
thin layer to be colored is prevented to prevent color 
mixing between adjacentfilter elements, and thelike. 
Therefore, a colorfilter can be manufactured without 
causing any ink blurring and any color mixing. 
Various changes and modifications of the above em- 
bodiment can be made without departing the scope 
and spirit of the invention. 

For example, in the above embodiments, the ink- 
jet head is fixed, and the X-Y stage is moved. How- 
ever, the ink-jet head may be moved while the stage 
is fixed. As the ink-jet head, a so-called piezoelectric 
type head using mechanical energy converters such 
as piezoelectric elements may be used. In this case, 
the volume of the ink discharged can be easily adjust- 
ed by adjusting the applied voltage of a driving pulse. 
When a bipolar driving operation is to be performed, 
the ink volume can be adjusted by adjusting both or 
either of bipolar driving pulses. 

The present invention can be applied to a stngie- 
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color filter and a filter of a type having a plurality of 
single-color filters of different colors stacked on each 
other. 

According to the above description, the present 
invention is applied to the print apparatus of the sys- 5 
tern, among various ink-jet recording systems, which 
has a means (e.g., an electricity-to-heat converter or 
laser light) for generating heat energy as energy used 
to discharge an ink, and changes the state of an ink 
by using the heat energy. According to this system, a 10 
high-density, high-definition recording operation can 
be realized. 

As for the typical structure and principle, it is pre- 
ferable that the basic structure disclosed in, for exam- 
ple, U.S. Patent No. 4,723,129 or 4,740,796 is em- 15 
ployed. The aforesaid method can be adapted to both 
a so-called on-demand type apparatus and a contin- 
uous type apparatus. In particular, a satisfactory ef- 
fect can be obtained when the on-demand type appa- 
ratus is employed because of the structure arranged 20 
in such a manner that one or more drive signals, which 
rapidly raise the temperature of an electricity-to-heat 
converter disposed to face a sheet or a fluid passage 
which holds the fluid (ink) to a level higher than levels 
at which film boiling takes place are applied to the 25 
electricity-to-heat converter in accordance with re- 
cording information so as to generate heat energy in 
the electricity-to-heat converter and to cause the heat 
effecting surface of the recording head to take place 
film boiling so that bubbles can be formed in the fluid 30 
(ink) to correspond to the one or more drive signals. 
The enlargement/contraction of the bubble will cause 
the fluid (ink) to be discharged through a discharging 
opening so that one or more droplets are formed. If a 
pulse shape drive signal is employed, the bubble can 35 
be enlarged/contracted immediately and properly, 
causing a further preferred effect to be obtained be- 
cause the fluid (ink) can be discharged while reveal- 
ing excellent responsibility. 

It is preferable that a pulse drive signal disclosed 40 
in U.S. Patent No. 4,463,359 or 4,345,262 is em- 
ployed. If conditions disclosed in U.S. Patent No. 
4,313,124 which is an invention relating to the tem- 
perature rising ratio at the heat effecting surface are 
employed, a satisfactory recording result can be ob- 45 
tained. 

As an alternative to the structure (linear fluid pas- 
sage or perpendicular fluid passage) of the recording 
head disclosed in each of the aforesaid inventions 
and having an arrangement that discharge ports, fluid 50 
passages and electricity-to-heat converters are com- 
bined, a structure having an arrangement that the 
heat effecting surface is disposed in a bent region 
and disclosed in U.S. Patent No. 4,558,333 or 
4,459,600 may be employed. In addition, the following 55 
structures may be employed: a structure having an 
arrangement that a common slit is formed to serve as 
a discharge section of a plurality of electricity-to-heat 



converters and disclosed in Japanese Patent Laid- 
Open No. 59-123670; and a structure disclosed in 
Japanese Patent Laid-Open No. 59-138461 in which 
an opening for absorbing pressure waves of heat en- 
ergy is disposed to correspond to the discharge sec- 
tion. 

Furthermore, as a recording head of the full line 
type having a length corresponding to the maximum 
width of a recording medium which can be recorded 
by the recording apparatus, either the construction 
which satisfies its length by a combination of a plur- 
ality of recording heads as disclosed in the above 
specifications or the construction as a single full line 
type recording head which has integrally been formed 
can be used. 

In addition, the invention is effective for a record- 
ing head of the freely exchangeable chip type which 
enables electrical connection to the recording appa- 
ratus main body or supply of ink from the main device 
by being mounted onto the apparatus main body, or 
for the case by use of a recording head of the car- 
tridge type provided integrally on the recording head 
itself. 

It is preferred to additionally employ the recording 
head restoring means and the auxiliary means pro- 
vided as the component of the present invention be- 
cause the effect of the present invention can be fur- 
ther stabled. Specifically, it is preferable to employ a 
recording head capping means, a cleaning means, a 
pressurizing or suction means, an electricity-to-heat 
converter, an another heating element or a sub-heat- 
ing means constituted by combining them and a sub- 
emitting mode in which an emitting is performed in- 
dependently from the recording emitting in order to 
stably perform the recording operation. 

Although a fluid ink is employed in the aforesaid 
embodiment of the present invention, an ink which is 
solidified at the room temperature or lower and as 
well as softened at the room temperature, an ink in 
the form of a fluid at the room temperature, or an ink 
which is formed into a fluid when the recording signal 
is supplied may be employed because the aforesaid 
ink-jet method is ordinarily arranged in such a manner 
that the temperature of ink is controlled in a range 
from 30°C or higher to 70°C or lower so as to make 
the viscosity of the ink to be included in a stable dis- 
charge range. 

Furthermore, an ink which is solidified when it is 
caused to stand, and liquified when heat energy is 
supplied in accordance with a recording signal can be 
adapted to the present invention to positively prevent 
a temperature rise caused by heat energy by utilizing 
the temperature rise as energy of state transition 
from the solid state to the liquid state or to prevent ink 
evaporation. In any case, an ink which is liquified 
when heat energy is supplied in accordance with a re- 
cording signal so as to be discharged in the form of 
fluid ink, or an ink which is liquified only after heat en- 



NSDOCID: <EP 06834O6A 1 _l_> 



19 



EP 0 683 406 A1 



20 



ergy is supplied, e.g., an ink which starts to solidify 
when it reaches a recording medium, can be adapted 
to the present invention. In the aforesaid case, the ink 
may be of a type which is held as fluid or solid material 
in a recess of a porous sheet or a through hole at a 
position to face the electricity-to-heat converter as 
disclosed in Japanese Patent Laid-Open No. 54- 
56847 or Japanese Patent Laid-Open No. 60-71260. 
It is the most preferred way for the ink to be adapted 
to the aforesaid film boiling method. 

As has been described above, according to this 
embodiment, assume that the thickness of the layer 
to be colored is to be d(}un), and that the volume of a 
droplet is to be Vo (pi: pico-liters). If d > Vo/500 is es- 
tablished, ink blurring which occurs in a very thin layer 
to be colored is prevented to prevent color mixing be- 
tween adjacent filter elements, and the like. There- 
fore, a color filter can be manufactured without caus- 
ing any ink blurring and any color mixing. 

In addition, droplets are discharged by using the 
ink-jet head. With this arrangement, a color filter hav- 
ing filter elements in a plurality of colors can be man- 
ufactured by one step, achieving a reduction in cost 
of the color filter. 

The present invention is not limited to the above 
embodiments and various changes and modifica- 
tions can be made within the spirit and scope of the 
present invention. Therefore, to apprise the public of 
the scope of the present invention the following 
claims are made. 



Claims 

1. A manufacturing method for a color filter (10) 
formed by forming a layer (14) to be colored on a 
transparent substrate (12), and discharging an 
ink colored in a predetermined color to said layer 
for coloring said layer, characterized in that 

when a thickness of said layer to be col- 
ored is assumed to be d (urn) and a volume of said 
ink to be discharged at one discharge is to be Vo 
(pi: pico-liter), the thickness of said layer to be 
colored and the volume of said ink are adjusted 
to establish d > Vo/500. 

2. The method according to claim 1, wherein the 
thickness of said layer to be colored and the vol- 
ume of said ink are further adjusted to establish 
d > Vo/200. 

3. The method according to claim 2, wherein the 
thickness of said layer to be colored and the vol- 
ume of said ink are further adjusted to establish 
d > Vo/100. 

4. The method according to claim 1, wherein the 
predetermined color comprises three colors of 



red, green, and blue, or four colors of red, green, 
blue, and black. 

5. The method according to claim 1, wherein dis- 
5 charge of said ink to said layer to be colored is 

performed using an ink-jet head (IJH) for dis- 
charging an ink to perform coloring. 

6. The method according to daim 5, wherein said 
10 ink-jet head is a head for discharging an ink by us- 
ing heat energy, said ink-jet head having a heat 
energy generator (102) for generating heat ener- 
gy applied to an ink. 

15 7. The method according to claim 6, wherein the vol- 
ume of said ink to be discharged is controlled by 
changing a driving pulse applied to said heat en- 
ergy generator. 

20 8. The method according to claim 1, wherein said 
layer to be colored is divided into a plurality of rec- 
tangular filter elements (10a), and each filter ele- 
ment is formed in a rectangular shape having 
shorter sides of 50 to 100 urn and longer sides of 

25 150 to 450 urn. 

9. A color filter formed by forming a layer (14) to be 
colored on a transparent substrate (12), and dis- 
charging an ink colored in a predetermined color 
30 to said layer for coloring said layer, characterized 

in that 

when a thickness of said layer to be col- 
ored is assumed to be d (um) and a volume of said 
ink discharged at one discharge is to be Vo (pi: 
35 pico-liter), said color filter is manufactured by ad- 

justing the thickness of said layer to be colored 
and the volume of said ink so as to establish d > 
Vo/500. 

40 10. The color filter according to claim 9, wherein said 
layer to be colored is divided into a plurality of rec- 
tangular filter elements (10a), and each filter ele- 
ment is formed in a rectangular shape having 
shorter sides of 50 to 100 \xm and longer sides of 

45 1 50to450|im. 

11. A liquid crystal display apparatus using a color fil- 
ter (10) formed by forming a layer (14) to be col- 
ored on a transparent substrate (12), and dis- 

50 charging an ink colored in a predetermined color 

to said layer for coloring said layer, characterized 
by comprising: 

a colorfilter (10) manufactured by adjust- 
ing a thickness of said layer to be colored and a 

55 volume of said ink to establish d > Vo/500 when 

the thickness of said layer to be colored is as- 
sumed to be d (urn) and the volume of said ink dis- 
charged at one discharge is to be Vo (pi: pico- 

11 
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liter); and 

a substrate (54) opposing said color filer, 
wherein a liquid crystal compound (52) is 
sealed between said substrates. 

5 

12. The liquid crystal display apparatus according to 
daim 11, wherein said layer to be colored is div- 
ided into a plurality of rectangular filter elements 
(10a), and each filter element is formed in a rec- 
tangular shape having shorter sides of 50 to 100 10 
um and longer sides of 150 to 450 ujm. 

13. An apparatus having a liquid crystal display ap- 
paratus using a color filter (10) formed by forming 

a layer (14) to be colored on a transparent sub- 15 
strate (12), and discharging an ink colored in a 
predetermined color to said layer for coloring said 
layer, characterized by comprising: 

a liquid crystal display apparatus (1901) 
having a color filter (10) manufactured by adjust- 20 
ing a thickness of said layer to be colored and a 
volume of said ink to be discharged to establish 
d > Vo/500 when the thickness of said layer to be 
colored is assumed to be d (u.m) and the volume 
of said ink discharged at one discharge is to be 25 
Vo (pi: pico-liter), and a substrate (54) opposing 
said colorfiler, wherein a liquid crystal compound 
(52) is sealed between said substrates; and 

image signal output means (1801) for out- 
putting an image signal to said liquid crystal dis- 30 
play apparatus. 

14. The apparatus having a liquid crystal display ap- 
paratus according to claim 13 T wherein said layer 

to be colored is divided into a plurality of rectan- 35 
gular filter elements (10a), and each filter ele- 
ment is formed in a rectangular shape having 
shorter sides of 50 to 100 n-m and longer sides of 
150 to 450 um. 

40 

15. A method of forming a color filter by introducing 
a color material such as an ink or dye into a layer 
so that the thickness d of the layer is greater than 
about 1 /500th, of the volume Vo of the coloring 
material introduced at one time. 45 

16. A color filter, a display incorporating such a color 
filter or apparatus incorporating such a color filter 
wherein the color filter comprises a layer having 

a thickness d greater than about 1 /500th of the so 
volume of the coloring material introduced at one 
time. 



55 
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FIG. 1A 
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FIG. 1B 
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FIG. 7 



.10 

10b 




FIG. 8 
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